We h a v e observed the Galactic black hole candidate 1E 1740.7-2942 in X rays with both the ROSAT HRI and PSPC and at 1.5 and 4.9 GHz with the VLA. From the HRI observation we derive a position for 1E 1740.7-2942 of Right Ascension = 17 h 43 m 54 s :9, Declination = ,29 44 0 45 00 :3 J2000, with a 90 con dence error circle of radius 8 00 .5. Thermal bremsstrahlung ts to the PSPC data yield a column density of 1:12 +1:51 ,0:18 10 23 cm ,2 , consistent with earlier X ray measurements. The VLA observation at 4.9 GHz revealed two sources. Source`A', which is the core of a double aligned radio jet source , lies within the ROSAT error circle, further con rming its identi cation with 1E 1740.7-2942.
INTRODUCTION
Since 1985, observations in the hard X ray and soft -ray energy bands have shown 1E 1740.7-2942 to be the dominant source in the central few degrees of the Galactic center region Skinner et al. 1987; Cook et al. 1991 . This fact and the observation by SIGMA Bouchet et al. 1991 of a transient hard excess in the spectrum suggestive of positron annihilation motivated a campaign of multi-wavelength observations aimed at discovering the nature of this unusual source. The search for counterparts has been carried out at radio Prince et al. 1991b; Gray, Cram, & Ekers 1992; Mirabel et al. 1993 , millimeter Mirabel et al. 1991 Bally & Leventhal 1991 , infrared Prince et al. 1991b Mirabel & Duc 1992; Djorgovski, Thompson, & Mazzarella 1992, and optical Skinner et al. 1991; Mereghetti et al. 1992; Leahy, Langill, & Kwok 1992; Bignami, Caraveo, & Mereghetti 1993 wavelengths. The radio observations have shown that the compact central core of a double radio jet lies within the X ray error circle, and the millimeter observations reveal a line of sight alignment with a dense molecular cloud. If this molecular cloud is associated with 1E 1740.7-2942, it might provide a source of material for accretion as well as a medium for the slowing and annihilation of positrons present in the radio jets Mirabel et al. 1991 . It is therefore important to determine whether 1E 1740.7-2942 lies within the molecular cloud. The X ray spectrum is a sensitive diagnostic of the source column depth, N H , and so can shed light on the relationship of 1E 1740.7-2942 and the molecular cloud. Knowledge of the column depth is also important to the interpretation of optical and infrared data, as the level of extinction limits the sensitivity of counterpart searches at these wavelengths.
We report here the results of observations of 1E 1740.7-2942 at X ray w a v elengths using the high resolution imager HRI and position sensitive proportional counter PSPC on ROSAT and at 1.5 GHz and 4.9 GHz using the Very Large Array VLA in Socorro, New Mexico. Preliminary results of the HRI and VLA observations have been reported in Prince et al. 1991a and Prince et al. 1991b respectively.
OBSERVATIONS
The HRI observation was performed during the period 1991 March 2 0 2 4 . It incorporates 11 observation intervals of between 850 and 2500 s duration for a total live time of 19900 s. While 1E 1740.7-2942 apparently remained in its normal state throughout 1990, observations by SIGMA Mandrou et al. 1993 February and March showed that 1E 1740.7-2942 entered a low state hard X ray luminosity o f 0 : 25 of normal prior to our HRI observation.
The PSPC observation was split over two observing periods the rst between 1992 September 28 and October 4 hereafter PSPC-I and the second between 1993 March 23 and 28 hereafter PSPC-II. PSPC-I encompassed 12 observation intervals for a total livetime of 15160 s, and PSPC-II comprised 7 observation intervals with a total livetime of 13070 s. SIGMA observations prior to PSPC-I and spanning PSPC-II give an indication of the likely state of 1E 1740.7-2942 during the ROSAT pointings. In 1992 September, 1E 1740.7-2942 was seen to be in its normal state. By 1993 March i t e n tered the sub-luminous" state Churazov et al. 1993b described by Cordier et al. 1993. We observed the region of the Einstein IPC 1E 1740.7-2942 error circle see gure 2 with the VLA on 1989 March 2 . The observations were made at 1.5 and 4.9 GHz for a duration of 4.5 hr each. The array w as in the A B con guration which provides a good point spread function for southern sources Bridle 1986.
ANALYSIS AND RESULTS

HRI Error Circle
The HRI observation revealed three sources near the center of the eld of view FOV see gures 5 and 1. Only source 1" is consistent in location with previous error circles for 1E 1740 .7-2942 Hertz & Grindlay 1984 Skinner et al. 1987; Kawai et al. 1988; Skinner et al. 1991 . In order to derive an HRI error circle, we applied corrections to the nominal image coordinates based on the HRI boresight o sets of K urster & Hasinger 1992, who give errors in the HRI positions of 23 sources with known accurate locations. Using their data and discarding two sources with anomalously large errors, we found the average o sets for the remaining 21 sources. We then plotted the integral distribution of radial o sets in order to estimate the 90 con dence radius for any detected source. These boresight corrections dominate the nal position uncertainty, resulting in a 90 con dence error circle of radius 8 00 .5. The best t coordinates epoch J2000.0 to source 1" = 1E 1740.7-2942, are: Right Ascension = 17 h 43 m 54 s :9 and Declination = ,29 44 0 45 00 :3.
Spectrum
We analyzed the PSPC observations assuming both power law and thermal bremsstrahlung models. Model parameters were estimated using the likelihood ratio method Cash 1979. PSPC-I and PSPC-II were treated individually and also summed to form a single measurement. Table 1 summarizes the results of the spectral ts. Because the nominal PSPC energy range extends only to 2.5 keV, the data do not place an upper bound on the source temperature, and no physical constraints on a power law index are obtained. Under the bremsstrahlung model, however, only a relatively narrow range of column densities are allowed for temperatures between 0.1 and 100 keV. In addition, models with temperatures below 0.5 keV resulted in signi cantly worse ts than temperatures above 1 k eV. For these reasons, the thermal bremsstrahlung column densities and uxes in table 1 were calculated assuming kT = 1 4 : 3 k eV, while the column densities for the power law model assumed a photon index of 2, both corresponding to the best t values from the Spartan-1 measurement Kawai et al. 1988 . A s a c heck on our spectral ts, we used the instrument response and spectral modeling software contained in the ROSAT Mission Information and Planning System MIPS to predict count rates for the best t column depth and normalization, based on the thermal bremsstrahlung spectra in table 1. The predicted rates were statistically consis- Skinner et al. 1987; SIGMA, Cordier et al. 1993 ; Spartan-1, Kawai et al. 1988; TTM, Skinner et al. 1991 . a Best t assumes k T = 1 4 : 3 k eV Kawai et al. 1988 , errors are 68 con dence for 0.1 keV k T 100 keV. b Estimated by folding the combined PSPC spectrum through the HRI response. tent with the measured values. Figure 3 shows the measured source count spectrum together with a folded thermal bremsstrahlung spectrum kT = 1 4 : 3 k eV, N H = 1 : 12 10 23 cm ,2 .
We note that images produced from the pulse invariant energy channels 256 the limit of the current PSPC response matrix show signi cant counts from 1E 1740.7-2942 and should provide improved ts when the response matrix is extended.
Other Sources
In addition to the HRI sources 2" and 3", several sources were detected in the PSPC. Figure 6 shows the central region of the PSPC image for the entire observation including both PSPC-I and PSPC-II. 1E 1740.7-2942 and the well-known source A1742-294 =1E 1742.9-2929 van Paradijs 1993 are labeled by name. Sources 2" and 3" are the HRI sources.
Source 4", located only 40 00 from 2", is a transient which appeared only during a single observation interval lasting 1400 s. The small feature in the HRI image southwest of source 2" may also be due to this transient source. Table 2 gives coordinates for 1E 1740.7-2942 and 2," 3,", and 4" as well as 90 con dence error radii. The positions of 2" and 3" were determined in the same fashion as for 1E 1740.7-2942. The position of 4" was estimated from its o set from 2" in the PSPC image and the position of 5" was estimated from the PSPC image alone. We t the spectrum of source 2" in order to cross check our spectral analysis technique for 1E 1740. In Prince et al. 1991b , we suggested that the pointlike nature of`A' at 4.9 GHz and the possible di use nature of`B' made`A' the more likely counterpart to 1E 1740.7-2942. Shown in gure 2 is the current X ray error circle together with those from earlier measurements and the positions of`A' and`B'. As was the case with the TTM error circle Skinner et al. 1991 , the location of`A' is consistent with that of the X ray source while`B' lies outside of the error circle. Since our observations, Mirabel et al. have observed 1E 1740 Mirabel et al. .7-2942 with the VLA in the C con guration which has increased sensitivity t o l o w surface brightness objects. They found that source`A' is compact, time variable, and located at the center of double radio jets, the brighter of which is source`B'. They also estimated the probability that a random extragalactic source with a ux density of 0.4 mJy would fall in the 12 00 TTM error circle to be 0.3 . The new ROSAT error circle is half as large and so bolsters the association by reducing the probability o f a c hance alignment b y a further factor of two. The positional coincidence of the two sources together with correlated variability in the radio source and the hard X rays from 1E 1740.7-2942 Mirabel et al. 1992 make a strong case for the association.
Association with the Molecular Cloud
The column depth to 1E 1740.7-2942 has previously been measured by Spartan-1 Kawai et al. 1988 , ART-P and SIGMA on GRANAT Sunyaev et al. 1991 , and TTM HEXE on MIR Skinner et al. 1991 . Of these, the energy range of Spartan-1 1 5 keV was most appropriate, because it spans the X ray cuto region. In 1985, Spartan-1 found column depths of N H = 1 : 45 +0:26 ,0:22 10 23 cm ,2 and 1:61 +0:35 ,0:29 10 23 cm ,2 assuming thermal bremsstrahlung and power law spectra respectively. The results from the other instruments ranged from N H 0:4 10 23 cm ,2 to 3 10 23 cm ,2 with model dependent v ariations of up to a factor of 10 Chen, Gehrels, & Leventhal 1993; Kawai et al. 1988; Skinner et al. 1991; Sunyaev et al. 1991 , indicating that the higher energy ranges of these measurements were insu cient to accurately t the turnover in the spectrum. Our value from the combined 1992 fall and 1993 spring observations of N H = 1 : 12 +1:51 ,0:18 10 23 cm ,2 is consistent with the Spartan-1 result. Also, the individual observations are consistent with each other, o ering no indication of variability in the column depth over the long 6 yr period spanning the observations. The idea that 1E 1740.7-2942 lies within the dense molecular cloud observed by Bally and Leventhal 1991 and Mirabel et al. 1991 is based on circumstantial and theoretical evidence. Given the line of sight alignment, the association depends on both objects being at the same distance. The normal state hard X ray luminosity of 1E 1740.7-2942 is similar to that of Cyg X-1, under the assumption that it lies at the distance 8.5 kpc of the Galactic center. Furthermore, the cloud's Doppler shift and velocity width are consistent with a location near the Galactic center. These facts, taken with the observed alignment, are suggestive of an association, but are by no means conclusive. The column depth to 1E 1740.7-2942 is 2 3 times greater than that to the Galactic center see above, indicating that 1E 1740.7-2942 is either absorbed at the source or lies behind additional material possibly the molecular cloud. Our measurement is consistent with this picture, but does not favor it. Subtracting a Galactic center column depth of 7 10 22 cm ,2 , corresponding to A v = 30 mag Gorenstein 1975; Rieke & Lebofsky 1985 , from a range of 1 , 2 10 23 cm ,2 leaves an additional column of 0:3 , 1:3 10 23 cm ,2 . An analysis by C h urazov e t al. 1993a, based on residual Compton scattering of hard X rays from the molecular cloud under the assumption that 1E 1740.7-2942 lies within the cloud after a transition to the low state, sets a limit on the column depth due to the cloud of N H 1:6 10 23 cm ,2 . This is consistent with the excess column calculated above, but is only an upper limit and so does not require that 1E 1740.7-2942 be located within the cloud.
From a theoretical standpoint, 1E 1740.7-2942's presence in the molecular cloud is attractive because it provides a plausible explanation for several phenomena. First, it could supply the extra column depth required by some measurements. Second, the cloud is a suitable medium for the slowing of energetic pairs present in the radio jets. The positrons, upon stopping, may rapidly annihilate in the relatively dense gas of the cloud, producing narrow 511 keV radiation Bally & Leventhal 1991. Finally, it is possible that the cloud itself could be the source of matter which p o w ers the hard X ray luminosity Bally & Leventhal 1991. Because of the possibility that material not associated with the cloud might i n tervene between the source and the observer, the column depth alone cannot determine whether 1E 1740.7-2942 lies within the cloud. However, Bally & Leventhal 1991 estimate from the 12 CO emission that the total column depth along the line of sight i n a 1 0 .5 region around the radio source is 6 10 23 cm ,2 N H 2 3 10 23 cm ,2 . The higher resolution maps of HCO + from Mirabel et al. 1991 suggest that this value should be reasonably representative of the column depth to 1E 1740.7-2942 from which w e conclude that 1E 1740.7-2942 is unlikely to be an extragalactic source. If it were, it would be obscured by this entire column and would exhibit much higher absorption of the X ray spectrum than is observed. Although the column depth is very uncertain, only 3 10 23 cm ,2 is required to contradict the X ray measurements. This strengthens the probabilistic argument that two such strong -ray emitters 1E 1740.7-2942 and GRS 1758-258, each associated with the core of a double radio jet source, are unlikely to be located near the center of the Galaxy and yet be extragalactic. If, however, the CO measurement signi cantly overestimates the column depth due, for example, to density v ariations or the location of 1E 1740.7-2942 signi cantly away from the peak emission it is still possible that 1E 1740.7-2942 lies behind the cloud.
Comparison with the Hard X ray State
As mentioned in section 2, each o f o u r R OSAT observations was preceded or spanned by hard X ray observations from SIGMA Cordier, Paul, & Hameury 1993; Mandrou et al. 1993; Churazov et al. 1993b . Although none of these observations was simultaneous with the ROSAT pointings, it is still interesting to look for correlations between the X ray and hard X ray uxes. In order to compare the X ray state during the HRI observation to that from the PSPC and SIGMA observations, we used MIPS to fold an absorbed thermal bremsstrahlung spectrum kT = 14:3 k eV, N H = 1:12 10 23 cm ,2 , F x = 1 : 5 10 ,10 ergs cm ,2 s ,1 through the HRI response. This model predicts only 13 counts for the 1990 observation, 1 3 the 40 detected, suggesting that the X ray luminosity w as signi cantly greater than during the PSPC observations. Table 1 lists 2 10 keV luminosities estimated for the PSPC by i n tegrating a 14.3 keV bremsstrahlung spectrum and for the HRI by scaling from the MIPS predicted count rate. Source states determined from the nearest SIGMA observations are also given. Large uncertainties in the estimated luminosities prevent a n y strong statement regarding correlations between the X rays and hard X rays. However, the HRI and PSPC-I pointings are suggestive that the X rays and hard X rays are not strongly correlated. The high luminosity observed in the HRI coincided with the low state observed by SIGMA throughout 1991. PSPC-I also showed a relatively high X ray ux, but 1E 1740.7-2942 was most likely in the normal state. The lowest observed luminosity w as during PSPC-II, when 1E 1740.7-2942 was in the moderate luminosity sub-luminous hard X ray state.
CONCLUSIONS
We have presented new measurements of the location and X ray spectrum of 1E 1740.7-2942. The location of the compact core of the aligned radio jets reported by lies within the new error circle, strengthening the association of these objects. The column depth is consistent with the best previous measurements. The new measurements cannot con rm the association of 1E 1740.7-2942 with a dense molecular cloud observed at millimeter wavelengths. They do, however, support arguments that 1E 1740.7-2942 must be a Galactic source and is not simply a background galaxy. A comparison of the X ray luminosity to the hard X ray state shows no evidence for a correlation between the uxes in these two bands. 
